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We study non-standard interactions (NSIs) at reactor neutrino experiments, and in particular, the
mimicking effects on θ13. We present generic formulas for oscillation probabilities including NSIs from
sources and detectors. Instructive mappings between the fundamental leptonic mixing parameters and
the effective leptonic mixing parameters are established. In addition, NSI corrections to the mixing
angles θ13 and θ12 are discussed in detailed. Finally, we show that, even for a vanishing θ13, an oscillation
phenomenon may still be observed in future short baseline reactor neutrino experiments, such as Double
Chooz and Daya Bay, due to the existences of NSIs.
© 2008 Published by Elsevier B.V. Open access under CC BY license.1. Introduction
Neutrino oscillations have successfully turned into the most
plausible description of neutrino ﬂavor transitions. At the moment,
the most important task in neutrino physics is to accurately deter-
mine the neutrino parameters, especially the neutrino mass hier-
archy and the leptonic mixing angle θ13. In this work, we will con-
centrate on the leptonic mixing parameters, and in particular, the
parameter θ13. Recently, so-called non-standard interactions (NSIs)
have been extensively studied in the literature. Such NSIs could af-
fect neutrino oscillations in a similar way as normal matter affects
them. Therefore, if present, NSIs will affect the determination of
the fundamental neutrino parameters.
In this work, we will mainly investigate measurements of the
fundamental leptonic mixing angles θ13 and θ12 at reactor neu-
trino experiments. Since reactor neutrino experiments such as the
future Double Chooz [1] and Daya Bay [2] experiments as well as
the existing KamLAND experiment [3] have relatively short base-
line lengths, normal matter effects are negligible. This also holds
for NSI effects during propagation of neutrinos. Thus, we will only
assume that the NSI effects are present at sources and detectors.
In Ref. [4], the basic formalism and different neutrino states for
source and detector including NSIs (or “new physics”) were ﬁrst
presented. Later, NSIs in sources and detectors have been discussed
using amplitudes that describe the neutrino sources and detectors.
Such works have been carried out for long baseline neutrino oscil-
lation experiments in general [5] as well as for neutrino factories
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tor and accelerator neutrino experiments has been performed [7].
Especially, the authors of this work derive ﬁrst-order series expan-
sions for oscillation probabilities including NSIs from sources and
detectors. Explicit upper bounds on parameters describing NSIs
from sources and detectors exist. However, these bounds are only
generic and given by εsαβ = O(0.1) for NSIs at sources from uni-
versality in lepton decays and εdαβ = O(0.2) for NSIs at detectors
from universality in pion decays [8,9].
This Letter is organized as follows. In Section 2, we will present
general formulas for parameter mappings between the fundamen-
tal leptonic mixing parameters and the effective leptonic mixing
parameters due to the effects of NSIs, and we will give expressions
for oscillation probabilities. Then, in Section 3, we will discuss re-
actor experiments and how these could be inﬂuenced by NSIs and
what the outcome would be for the mixing angles θ13 and θ12. Fi-
nally, in Section 4, we will summarize our results and present our
conclusions.
2. Analytic formalism
For a realistic neutrino oscillation experiment, in the presence
of non-standard neutrino interactions, the neutrino states pro-
duced in the source and observed at the detector can be treated
as superpositions of pure orthonormal ﬂavor states:
∣∣νsα 〉= 1Nsα
(
|να〉 +
∑
β=e,μ,τ
εsαβ |νβ〉
)
, (1)
〈
νdβ
∣∣= 1
Ndβ
(
〈νβ | +
∑
α=e,μ,τ
εdαβ 〈να |
)
, (2)
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tor, respectively, with the normalization factors being given by1
Nsα =
√[(
1+ εs)(1+ εs†)]
αα
, (3)
Ndβ =
√[(
1+ εd†)(1+ εd)]
ββ
. (4)
Note that the states |νsα〉 and 〈νdβ | are no longer orthonormal states
because of NSIs. Since different physical processes take place at
the source the and detector, the NSI parameter matrices εs and εd
are arbitrary and non-unitary in general. In the minimal unitarity
violation model (MUV) [10–15], where the unitarity of the leptonic
mixing matrix [16,17] is slightly violated by possible new physics
effects, the non-unitary effect can be regarded as one type of NSIs
with the requirement εs = εd†.2
Since in a terrestrial neutrino oscillation experiment, the Earth
matter effects [18,19] are more or less involved, the propagation of
neutrino ﬂavor states in matter is governed by the effective Hamil-
tonian
Hˆ = H0 + Hm + HNSI
= 1
2E
U diag
(
m21,m
2
2,m
2
3
)
U † + diag(VCC,0,0) + VCCεm, (5)
where VCC =
√
2GF Ne arises from coherent forward scattering and
Ne denotes the electron number density along the neutrino trajec-
tory in the Earth. Different from εs and εd , εm is an exact Hermi-
tian matrix describing NSIs in matter, and its current experimental
bounds can be found in Refs. [20–22]. Here the superscript ‘m’ is
used in order to distinguish NSI effects in the Earth matter from
those in neutrino sources and detectors. The vacuum leptonic mix-
ing matrix U is usually parametrized in the standard form by using
three mixing angles and one CP violating phase [23]
U = O 23UδO 13U †δO 12
=
( c12c13 s12c13 s13e−iδ
−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13
)
,
(6)
where Uδ = diag(1,1, eiδ), and O ij is the orthogonal rotation ma-
trix in the i, j plane with ci j ≡ cos θi j and si j ≡ sin θi j (for i j = 12,
13 and 23). In analogy to the vacuum Hamiltonian H0 in Eq. (5),
the effective Hamiltonian in matter Hˆ can also be diagonalized
through a unitary transformation
Hˆ = 1
2E
Uˆ diag
(
mˆ21,mˆ
2
2,mˆ
2
3
)
Uˆ †, (7)
where mˆ2i (i = 1,2,3) denote the effective mass squared eigenval-
ues of neutrinos and Uˆ is the effective leptonic mixing matrix in
matter.
Now, we include all the NSI effects into the oscillation pro-
cesses, and arrive at the amplitude for the process νsα → νdβ
Aαβ(L) = 1
NsαN
d
β
〈
νdβ
∣∣e−iHˆ L∣∣νsα 〉= 1
NsαN
d
β
(
1+ εd)
ρβ
Aγρ
(
1+ εs)
αγ
1 Note that, in calculating the number of events, the normalization factors are
canceled with the NSI factors in charged-current cross-sections. However, for run-
ning short baseline reactor neutrino experiments, the neutrino ﬂuxes are directly
measured by using a near detector, and not a Monte Carlo simulation. Hence, the
normalization factors should be taken into account. (See also Ref. [10] for a detailed
discussion.)
2 In the MUV model, a neutral-current contribution cannot, in principle, be
rewritten as a global phase in the oscillation amplitude, and thus, it affects the
oscillation process.= 1
NsαN
d
β
[(
1+ εd)T AT (1+ εs)T ]
βα
= 1
NsαN
d
β
[
A + εs A + Aεd + εs Aεd]
αβ
, (8)
where L is the propagation distance and the explicit form of A is a
coherent sum over the contributions of all the mass eigenstates νi
Aαβ =
∑
i
Uˆ∗αi Uˆβ ie
−i mˆ
2
i L
2E . (9)
Inserting Eq. (9) into Eq. (8), one can directly obtain
Aαβ(L) = 1
NsαN
d
β
[∑
i
Uˆ∗αi Uˆβ ie
−i mˆ
2
i L
2E +
∑
γ ,i
Uˆ∗γ i Uˆβ iε
s
αγ e
−i mˆ
2
i L
2E
+
∑
γ ,i
Uˆ∗αi Uˆγ iε
d
γ βe
−i mˆ
2
i L
2E +
∑
γ ,ρ,i
εsαγ ε
d
ρβ Uˆ
∗
γ i Uˆρie
−i mˆ
2
i L
2E
]
= 1
NsαN
d
β
∑
i
[
Uˆ∗αi Uˆβ i +
∑
γ
εsαγ Uˆ
∗
γ i Uˆβ i
+
∑
γ
εdγ β Uˆ
∗
αi Uˆγ i +
∑
γ ,ρ
εsαγ ε
d
ρβ Uˆ
∗
γ i Uˆρi
]
e−i
mˆ2i L
2E . (10)
In order to compare Eq. (10) with the standard oscillation ampli-
tude given in Eq. (9), we rewrite Aαβ(L) as
Aαβ(L) =
∑
i
J iαβe−i
mˆ2i L
2E (11)
with
J iαβ
= Uˆ
∗
αi Uˆβi +
∑
γ ε
s
αγ Uˆ
∗
γ i Uˆβi +
∑
γ ε
d
γ β Uˆ
∗
αi Uˆγ i +
∑
γ ,ρ ε
s
αγ ε
d
ρβ Uˆ
∗
γ i Uˆρi
NsαN
d
β
.
(12)
It can be clearly seen that only the αth row of εs and the βth
column of εd are relevant to the transition amplitude. In the limit
ε → 0, Eq. (11) is reduced to the standard oscillation amplitude in
matter.
With the deﬁnitions above, the oscillation probability is given
by
P
(
νsα → νdβ
)= ∣∣Aαβ(L)∣∣2
=
∑
i, j
J iαβ J j∗αβ − 4
∑
i> j
Re
(J iαβ J j∗αβ) sin2 mˆ
2
i j L
4E
+ 2
∑
i> j
Im
(J iαβ J j∗αβ) sin mˆ
2
i j L
2E
. (13)
A salient feature of Eq. (13) is that, when α = β , the ﬁrst term
in Eq. (13) is, in general, not vanishing, and therefore, a ﬂavor
transition would already happen at the source even before the
oscillation process and is known as the zero-distance effect [24].
Although the effective mixing matrix in matter Uˆ is still unitary,
the presences of NSIs in the source and detector prevent us from
deﬁning a unique CP invariant quantity like the standard Jarlskog
invariant [25]. New CP non-conservation terms, which are pro-
portional to the NSI parameters and have different dependences
on L/E , will appear in the oscillation probability. Another pecu-
liar feature in the survival probability is that, in the case of α = β ,
CP violating terms in the last line of Eq. (13) should, in principle,
not vanish. Note that Eq. (13) is also valid in the MUV model and
could be very instructive for analyzing the CP violating effects in
the MUV model in future long baseline experiments.
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Reactor neutrino experiments with short or medium baselines
are only sensitive to the survival probability P (ν¯se → ν¯de ). The typi-
cal energy of antineutrinos produced in nuclear reactors is around
a few MeV, which indicates that the Earth matter effects are ex-
tremely small and can safely be neglected. Hence, we take (Uˆ 	 U ,
mˆi 	mi) or effectively set VCC = 0 in Eq. (5). As mentioned above,
among all the NSI parameters, only εseα and ε
d
αe are relevant to our
discussion. It has been pointed out that for realistic reactor neu-
trino experiments, the leading-order NSIs are of the V ± A type,
and the relation εseα = εd∗αe holds well [7]. Therefore, we assume
εseα = εd∗αe = |εeα |eiφeα in the current consideration and neglect the
superscript ‘s’ throughout the following parts of this work. It can
be seen from Eq. (12) that the imaginary parts of the parame-
ters J iee disappear, and hence, the corresponding ν¯se → ν¯de oscil-
lation is a CP conserved process.
Similar to the case without NSIs, one may deﬁne the effective
mixing angles θ˜13 and θ˜12, in which all the NSI effects are included.
For the smallest mixing angle θ˜13, we take α = β = e and i = 3
in Eq. (12) together with the standard parametrization deﬁned by
Eq. (6), and obtain the mapping between θ˜13 and θ13
s˜213 = s213 + 2s13c13
[
s23 cos(δ − φeμ)|εeμ| + c23 cos(δ − φeτ )|εeτ |
− s23 cos(δ − φee − φeμ)|εee||εeμ|
− c23 cos(δ − φee − φeτ )|εee||εeτ |
]
+ (s223c213 − s213)|εeμ|2 + (c223c213 − s213)|εeτ |2
+ 2s23c23c213 cos(φeμ − φeτ )|εeμ||εeτ | + O
(
ε3
)
, (14)
where the third-order terms in ε are neglected. As for the effective
mixing angle θ˜12, we take α = β = e and i = 2, and obtain
s˜212c˜
2
13 = s212c213 + 2s12c12c13
[
c23 cos(φeμ)|εeμ| − s23 cos(φeτ )|εeτ |
]
− 2s212s13c13
[
s23 cos(δ − φeμ)|εeμ| + c23 cos(δ − φeτ )|εeτ |
]
+ O(ε2). (15)
Since the NSI parameters should not be comparable to the sizable
mixing angle θ12, only the ﬁrst-order terms in ε are taken into
account in Eq. (15).
With the help of the effective mixing angles θ˜13 and θ˜12, the
survival probability reads
P
(
ν¯se → ν¯de
)= 1− cos4 θ˜13 sin2 2θ˜12 sin2 m221L
4E
− cos2 θ˜12 sin2 2θ˜13 sin2 m
2
31L
4E
− sin2 θ˜12 sin2 2θ˜13 sin2 m
2
32L
4E
. (16)
3.1. Short baseline reactor experiments and θ13
The forthcoming two improved short baseline reactor neutrino
experiments Double Chooz and Daya Bay are planned with the
same goal of searching for the smallest leptonic mixing angle θ13.
Both of these two experiments make use of the same concept: one
near detector is placed a few hundred meters from the core of
the nuclear power plant in order to reduce systematic errors and
one far detector is located at distance (L 	 1–2 km) close to the
ﬁrst maximum of the survival probability caused by the large mass
squared difference m231. The ν¯e → ν¯e channel is dominated by the
atmospheric oscillation dip, which allows us to safely neglect the
term containing m221 in Eq. (16), and we arrive at
P
(
ν¯se → ν¯de
)	 1− sin2 2θ˜13 sin2 m231L . (17)
4ESince NSIs are only sub-leading order effects, higher-order
terms proportional to εs213 can be ignored, and then the effective
mixing angle θ˜13 in Eq. (14) approximates to
s˜213 = s213 + 2s13
[
s23 cos(δ − φeμ)|εeμ| + c23 cos(δ − φeτ )|εeτ |
]
+ s223|εeμ|2 + c223|εeτ |2 + 2|εeμ||εeτ |s23c23 cos(φeμ − φeτ )
+ O(ε3, εs213). (18)
Note that s˜213 is invariant with respect to the exchange εeμ ↔ εeτ ,
and obviously, in the limit ε → 0, θ˜13 equals θ13. Eq. (18) clearly
shows how the mixing angle θ13 is modiﬁed by NSIs. Some com-
ments are in order:
• The contributions coming from the NSI parameter εee are al-
ways correlated with higher-order corrections, and hence can-
not be well constrained in a reactor experiment. However, it
induces an enhancement of the total neutrino ﬂux at a near
detector, which appears as an overall factor in the oscillation
probability if we do not normalize neutrino states as in Eq. (1).
Due to the ﬂux uncertainty in reactor experiments, it is very
hard for this enhancement to be observed [7].
• For a given set of NSI parameters, sin θ˜13 is a quadratic func-
tion of sin θ13. Thus, there exists a minimum of sin
2 θ˜13 at the
position
s13|min = −s23 cos(δ − φeμ)|εeμ| − c23 cos(δ − φeτ )|εeτ |, (19)
and the minimum value of sin2 θ˜13 is given by
s˜213|min =
⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩
2
[
s223|εeμ|2 sin2 δ−φeμ2 + c223|εeτ |2 sin2 δ−φeτ2
+ s23c23|εeμ||εeτ | sin(δ − φeμ) sin(δ − φeτ )
]
for s13|min > 0,
s223|εeμ|2 + c223|εeτ |2+ 2|εeμ||εeτ |s23c23 cos(φeμ − φeτ )
for s13|min  0.
(20)
Since the fundamental θ13 cannot be well distinguished from
the effective θ˜13 measured in an experiment, the mimicking ef-
fects of NSIs play a very important role in the small θ13 region.
Even if the true value of θ13 is too tiny to be detected, we may
still hope to obtain an oscillation phenomenon in reactor ex-
periments. On the other hand, compared to θ13, θ˜13 may also
be remarkably suppressed by NSIs, which makes the current
experiments quite pessimistic. Note that mimicking (or “fake”)
values of θ13 due to so-called damping effects have been in-
vestigated in Ref. [26]. Such damping effects could arise from
decoherence-like damping signatures (e.g. wave-packet deco-
herence related to production and detection processes). Thus,
damping could fake values of θ13, and therefore the value
of θ13 would turn out to be smaller than one expects.
• We illustrate the mappings between θ˜13, ε, and θ13 in Fig. 1. In
our numerical calculations, we use the exact analytical formu-
las and do not make any approximations. We also adopt the
central values of other relevant parameters from the global
ﬁt given in Ref. [27]. Without loss of generality, we take
|εeμ| = |εeτ | = |ε| in our analysis,3 and allow all the CP vio-
lating phases to vary from 0 to 2π . For a given value of θ˜13,
which is in fact the parameter measured in experiments, the
true values of θ13 may be remarkably different, i.e., there ex-
ists a degeneracy in θ13. Therefore, one has to disentangle the
parameter θ13 from the NSI parameters. Within the present
upper bound θ˜13 < 10◦ [28], θ13 may approach 14◦ at large ε
regions. In the case θ˜13 < 5◦ , there is still a widely allowed
3 Since we do not make any constraint on the CP violating phases, the numerical
results would almost be the same for the case |εeμ| = |εeτ |.
102 T. Ohlsson, H. Zhang / Physics Letters B 671 (2009) 99–104Fig. 1. Mappings between θ˜13, θ13, and NSI parameters εαβ . In the left plot, we assume 0 < θ˜13 < 10◦ as experimental constraints. The shaded areas correspond to different
upper bounds on the effective mixing angles. For the right-hand plot, |ε| is allowed to vary from 0 to 0.05, and the gray shadings represent |ε| < 0.05, |ε| < 0.01, and
|ε| < 0.001, respectively, with darker regions for smaller |ε|. All CP violating phases are treated as free parameters and allowed to vary from 0 to 2π .range 1◦ < θ13 < 8◦ with respect to a large ε. Even if θ˜13 is too
small to be measured in a reactor experiment, i.e., θ˜13 < 3◦ ,
a discovery search of a non-vanishing θ13 may still be carried
out at future neutrino factories, where the source of neutrinos
is a muon storage ring with very clean muon decay and quite
limited room for NSIs [29].
• In Fig. 2, we show the oscillation probabilities with respect
to the NSI parameters. The upper plot in Fig. 2 indicates that
mimicking oscillation effects, which are induced by sizable
NSIs, can be observed in despite of a negligible θ13. Once other
type of neutrino oscillation experiments can help us to ﬁx the
true value of θ13, the mimicking effects will provide us with
the opportunity to search for NSIs in neutrino sources and de-
tectors.
The oscillation process expressed in Eq. (17) is actually CP con-
served. However, the CP violating phase δ enters the oscillation
probability explicitly, and so does the leptonic mixing angle θ23. It
is then very helpful to extract information on leptonic CP violation
and θ23 by analyzing the corresponding disappearance channel to-
gether with future long-baseline appearance experiments.
3.2. Medium baseline reactor experiments and θ12
The current medium baseline reactor neutrino experiment
KamLAND receives ν¯e from nuclear reactors located at an average
distance L 	 180 km. In order to improve the accuracy of cur-
rent measurements, the next generation experiments should take
the baseline length of about 50 km, which is close to the ﬁrst
minimum of the survival probability related with the small mass
squared difference m221.
In neglecting contributions from θ13, the corresponding oscilla-
tion probability reads
P
(
ν¯se → ν¯de
)	 1− sin2 2θ˜12 sin2 m221L
4E
, (21)
where the effective mixing angle θ˜12 approximates to
s˜212 = s212 + 2s12c12
[
c23 cos(φeμ)|εeμ| − s23 cos(φeτ )|εeτ |
]
+ O(εs13, s213). (22)
We now discuss how the NSIs affect the leptonic mixing angle θ12:
• Similarly, there is no contribution coming from εee at leading
order. Thus, we can observe that reactor experiments are not
sensitive to εee .Fig. 2. NSI corrections to the oscillation probabilities P (ν¯se → ν¯de ) in a short baseline
experiment. The shadings correspond ε < 0.05, ε < 0.01, and ε < 0.001, respec-
tively. The values of θ13 are labeled on the plots. For other mixing parameters, we
use the central values given in Ref. [27]. Here we take the average energy of reactor
neutrinos E = 3 MeV.
• Compared to the tiny θ13, the magnitude of θ12 is more sizable.
Hence the NSI effects cannot mimic an effective θ˜12 with a
vanishing θ12. However, NSI effects may dramatically modify
T. Ohlsson, H. Zhang / Physics Letters B 671 (2009) 99–104 103Fig. 3. Mappings between θ˜12, θ12, and NSI parameters εαβ . The shaded areas in the left-hand plot correspond to different upper bounds on θ˜12. For the right-hand plot,
|ε| is allowed to vary from 0 to 0.05, and the gray shadings represent |ε| < 0.05, |ε| < 0.01, and |ε| < 0.001, respectively, with darker regions for smaller |ε|. As in Fig. 1,
we allow all the CP violating phases to vary from 0 to 2π .the observed mixing angle θ˜12. We plot θ12 as a function of θ˜12
and ε in Fig. 3. In the large ε regions, the true value of θ12 may
be close to the bi-maximal mixing value 45◦ [30–32]. On the
other hand, the lower bound θ12 > 26◦ deviates much from its
tri-bimaximal mixing pattern [33,34]. Fig. 3 indicates that, in
the presence of NSIs, even if θ˜12 can be well measured, there
is still a large room of θ12 for various ﬂavor symmetric models.
• The oscillation probabilities of medium baseline reactor exper-
iments are illustrated in Fig. 4. We take the best-ﬁt values
of θ13 and θ23 in our numerical calculations [27]. Hence, the
oscillation behavior around L 	 0 is mainly induced by m231.
It can be clearly seen that NSI corrections are more signiﬁcant
for a smaller θ12.
Unlike the mapping between θ˜13 and θ13, only θ23 is entangled
in Eq. (22). Hence, we may also acquire useful constraints on θ23
through precision measurements of θ12 and NSI parameters in fu-
ture experiments.
3.3. Correlations between θ13 and θ12
A crucial question for future experiments is how to distinguish
real mixing parameters from NSI effects. As discussed above, there
is no hope to extract the fundamental mixing angles from a single
reactor neutrino experiment. Since the NSI effects bring in intrinsic
correlations between the effective mixing parameters, a combined
analysis of both appearance and disappearance channels should be
able to help us to determine NSI effects.
In Fig. 5, we show the conﬁdence regions of θ13 and θ12, con-
strained by the current global ﬁt of neutrino oscillation data [27].
Because of the experimental uncertainties associated with θ˜13 and
θ˜12, the allowed parameter spaces for θ13 and θ12 are quite wide.
The true value of θ13 can achieve the range of the Cabibbo an-
gle within 1σ conﬁdence level, which shades some light on the
quark–lepton complementary models [32,35,36]. We want to stress
that our computations depend on the input parameter ε and can
just serve as a rough illustration.
3.4. A discussion on θ23 and δ
Finally, we brieﬂy discuss the NSI corrections to θ23 and δ.
One may deﬁne an effective mixing angle θ˜23 by using the anal-
ogous way that we performed above for θ13 and θ12. However,
since reactor neutrino experiments are only sensitive to the ﬁrst
row of the leptonic mixing matrix, the effective θ23 loses its
meaning. In future long baseline β-beam experiments or neutrinoFig. 4. NSI corrections to the oscillation probabilities P (ν¯se → ν¯de ) in a medium
baseline experiments. The shadings correspond ε < 0.05, ε < 0.01, and ε < 0.001
respectively. The values of θ˜12 are labeled on the plots. The other input parameters
are the same as in Fig. 2.
factories, where different types of NSIs are involved in the pro-
duction, propagation, and detection processes, one cannot simply
employ the language of effective mixing parameters as in reac-
tor neutrino experiments. However, the generic formulas given in
104 T. Ohlsson, H. Zhang / Physics Letters B 671 (2009) 99–104Fig. 5. The 1σ , 2σ , and 3σ conﬁdence regions of fundamental neutrino mixing an-
gles θ13 and θ12, constrained by the current global ﬁt of neutrino oscillation data.
The value |ε| = 0.05 is assumed with all the CP violating phases being allowed to
vary from 0 to 2π .
Eq. (13) are still valid and very helpful for us in order to ﬁgure
out NSI effects. A detailed and joint numerical analysis based on
Eq. (13) should be very meaningful and will be elaborated else-
where.
4. Summary
In this work, we have studied NSI effects in reactor neutrino
experiments, and in particular, the mimicking effects on θ13. We
ﬁrst presented the most general formulas of oscillation probabili-
ties with all NSI effects at production, propagation, and detection
processes being considered. Instead of directly discussing oscilla-
tion probabilities, we took use of a more straightforward method,
which started from the effective amplitude and derived instructive
mappings between fundamental mixing angles (θ13, θ12) and effec-
tive NSI corrected mixing angles (θ˜13, θ˜12) in reactor neutrino ex-
periments. The analytical relations clearly show how these mixing
angles are affected by NSIs. We have also illustrated the NSI ef-
fects at short and medium baseline reactor experiments. We found
that the mixing angles measured in reactor neutrino experiments
could be dramatically modiﬁed by NSIs at the neutrino source and
detector. The mimicking effects induced by NSIs play a very impor-
tant role in a short baseline experiment, especially in the case of
a tiny θ13. Even for a vanishing θ13, the forthcoming Double Chooz
and Daya Bay experiments could still perform a discovery search
of an oscillation phenomenon, which should totally be attributed
to NSI effects.
From the phenomenological point of view, two different and
complementary oscillation experiments are needed in order to
constrain corresponding NSIs. The measurement of NSI parame-
ters should be one of the most interesting topics of experimentalphysics in future even before the discovery of leptonic CP viola-
tion.
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